A pharmacologically active agent was easily extracted by aqueous or organic solvents from laboratory plastic tubes (Falcon Blue Max) and has been chemically identified as bis (2,2,6,6-tetramethyl-4-piperidyl) sebacate.
dihydropyridine-sensitive 4Ca2+ uptake into GH3 cells with an IC50 value of 3.6 ,uM, inhibited Sr2+ currents through L-type Ca2+ channels in A7r5 smooth-muscle cells in whole-cell patchclamp experiments after extracellular application, and affected the high-affinity binding of Ca2+ entry-blocker ligands to a variety of preparations. Bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate is a highly potent (IC5. values <10 nM) inhibitor at the phenylalkylanine-and benzothiazepine-selective drug-binding domains of the et, subunit of L-type Ca2+ channels. This compound behaves as a heterotropic allosteric regulator for the 1,4-dihydropyridine-selective domain in purified Ca2+-channel preparations from rabbit skeletal muscle. (+)-Tetrandrine stimulation of 1,4-dihydropyridine binding to the membrane-bound L-type Ca2+ channel is inhibited by the compound in a competitive manner (Ki value = 6.8 nM).
Bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate is therefore classified as the prototype of another class of L-type Ca2+-channel blockers that binds to the al subunit at the drug-binding domains selective for (+)-tetrandrine or (+)-cis-diltiazem. This compound is identical to Tinuvin 770, which is used worldwide as a light stabilizer for polyolerms.
Todays research in biochemistry and cell biology is heavily dependent on laboratory material made from plastic, and it can safely be stated that our present knowledge with respect to Ca2+ as a second messenger would have been impossible without the introduction of chelators and substitution of glass by plastic labware. We are characterizing and isolating L-type Ca2+ channels from excitable cells (1, 2) . These voltage-gated plasma-membrane channels serve multiple functions-e.g., in excitation-response coupling in nerve cells (3) or in excitation-contraction coupling in heart or skeletal-muscle tissue (4) . L-type Ca2+ channels are the target of different classes of therapeutically useful drugs (dihydropyridines, phenylalkylamines, and benzothiazepines). These drugs bind to distinct domains on the al subunit of the heterooligomeric (a,, a2-8, /3, 'y) channel structure. We observed that collection or storage of plasma membranes from porcine heart (5, 6) in Blue Max tubes lead to a complete disappearance of (+)-cis-[3H]diltiazem binding without affecting interaction of radioligands with the binding domain for 1,4-dihydropyridines. Aqueous extracts from these tubes stimulated 1,4-dihydropyridine binding in purified Ca2+-channel preparations similar to (+)-tetrandrine (1) and blocked 45Ca2+ uptake thru L-type Ca2+ channels in GH3 cells. Because numerous research laboratories employ plas-
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tic material, we undertook the task to isolate and characterize the biologically active material from the polypropylene tubes.
MATERIAL AND METHODS
Isolation and Chemical Characterization of a Ca2+-Antagonistic Compound from Plastic Tubes. Falcon Blue Max 50-ml polypropylene tubes were washed at 22°C with 5 ml of ethyl acetate for 5 min. Isolation of the active principle was monitored by inhibition of (+)-cis-[3H]diltiazem binding to porcine heart membranes after evaporation of the solvent. The extract from 20 tubes was first fractionated on a 150-ml Sephadex LH-20 (Pharmacia) column in methanol, yielding binding-inhibition activity at 0.7-to 0.8-column volumes of eluate. Further purification was carried out by HPLC on a Whatman Partisil-5 octadecylsilyl silica 3 column eluted at 4 ml/min with 100% acetonitrile-100% methanol for 40 min. This procedure afforded two pure, bioactive fractions at A: k' = 9.5 (minor, -2 ,ug per tube) and B: k' = 12 (major, =12 Fig. 1 ). The compound was reported as a free radical trapper that is used commercially to reduce lightinduced decomposition of plastics. An authentic sample of this compound (Tinuvin 770) obtained from CIBA-Geigy was shown identical in all respects to the purified material. A compound corresponding to sample A was not found in the literature; however, an analogue of sample B containing two Abbreviations: Bodipy, boron dipyrromethane; DMBodipy, (4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza)-3-(S-indacene)propionic acid; DHP, (-)-1,4-dihydro-2,6-dimethyl-4-(2-trifluoromethylphenyl)-3,5-pyridine carboxylic acid 2-(aminoethyl)ethyl ester (dihydropyridine); nH, pseudo-Hill slope; DMBodipy-PAA, (5-(3-[3-(4,4- additional oxygens as the bis(N-hydroylamine derivative) was reported. The structure of A was not definitely assigned but was tentatively identified as a probable oxidation product of B having the additional three oxygens associated with one of the piperidinyl groups.
Patch-Clamp Experiments. Inward Sr2+-currents (Isr) through L-type Ca2+ channels were recorded at 22-25°C in A7r5 cells (ATCC No CRL 1444; obtained from the American Type Culture Collection), using the whole-cell configuration of the patch-clamp technique (7) . Pipettes had resistances of 1-4 MQ. Cells were cultured as described (8) . The pipette solution contained 60 mM CsCl, 60 mM cesium aspartate, 10 mM EGTA, 4 mM MgCl2, 10 mM Hepes, buffered to pH 7.2 with CsOH. Sr2+ currents were measured in high Sr2+ external solution containing 20 mM SrCl2, 93 mM N-methyl-D-glucamine, 27 mM tetraethylammonium chloride, 10 mM 4-aminopyridine, 20 mM glucose, 10 mM Hepes, buffered to pH 7.4 with methanesulfonic acid. Data were filtered at 3 kHz (4-pole Bessel filter), digitized, and sampled online to a computer hard disk. Leak currents were subtracted digitally by using average values of scaled leakage currents elicited by a 10-mV hyperpolarizing pulse. Tinuvin 770 solutions were prepared as a 10 mM stock solution in dimethyl sulfoxide and diluted in the high Sr2+ external solution at the time of use. Exchange ofthe bath solution was achieved within 10-15 sec.
"OCa2+ Uptake into GH3 Cells. GH3 cells were obtained from the American Type Culture Collection (ATCC no. CCL 82.1), grown in suspension, collected, and washed as described (9, 10). 45CaC12 was from New England Nuclear (12 mCi/mg; 1 Ci = 37 GBq). After preincubation with or without drugs for 15 min at 37°C, the 45Ca2+-uptake reaction (1-2 ,uM 45Ca2+) was initiated by increasing KCl to 50 mM. Uptake was terminated after 150 sec, as described (9, 10, 11).
Nonspecific Ca2+ uptake was determined in the presence of 10 AM (+)-isradipine and subtracted from total uptake to yield L-type Ca2+-channel-specific flux.
Radioligand Binding. Porcine heart membranes (5), rabbit skeletal-muscle transverse-tubule membranes (2), and guinea pig cerebral cortex and heart membranes (12) were prepared as described. Skeletal muscle L-type Ca2+ channels were partially purified by solubilization and chromatography (2) . Drugs were diluted in dimethyl sulfoxide as described (13) . nM) the concentration of membrane protein was 0.07-0.1 mg/ml. The buffer was 50 mM Tris'HCl (pH 7.4) with 0.1 mM phenylmethylsulfonyl fluoride. In experiments with purified L-type Ca2+ channels (0.005-0.015 mg of protein per ml) from rabbit skeletal muscle the assay volume was 0.5 ml, consisting of 50 mM Tris-HCl (pH 7.4), 0.1 mM phenylmethylsulfonyl fluoride, and bovine serum albumin at 0.2 mg/ml. Bound and free ligands were separated by dilution and filtration on glass-fiber filters as described (14) . For purified L-type Ca2+ channels, precipitation before filtration was facilitated by addition of 0.2 ml of bovine serum albumin and y globulin (5 mg/ml each).
Kinetic and Equilibrium Binding Studies with Fluorescent
Resonance Energy Transfer (FRET). For FRET measurements (Fig. 2, Table 1 ). In guinea pig cerebral cortex membranes, the inhibition profile of (-)-[3H]desmethoxyverapamil was biphasic, indicating that Tinuvin 770 differentiated between two populations of phenylalkylamine sites that greatly differ in affinity but are recognized by the radioligand in a nonselective manner. In porcine heart membranes, Tinuvin 770 increased the apparent Kd of the phenylalkyl- selective sites (data not shown). In dissociation experiments with porcine heart membranes, Tinuvin 770 failed to accelerate the decay of the (+)-cis-diltiazem-L-type Ca2+-channel complex when the equilibrium was disturbed by simultaneous addition with the benzothiazepine. Identical results were obtained with membrane-bound L-type Ca2+ channels from rabbit skeletal muscle ( Fig. 2A, Inset) . These data are compatible with a competitive interaction with the benzothiazepine-selective domain of L-type Ca2+ channels, although a strong allosteric effect cannot be ruled out. In any event, Tinuvin 770 is among the most potent inhibitors of the benzothiazepine-selective domain reported so far. Inhibition at the phenylalkylamine sites was preserved for Tinuvin 770 when Ca2+ channels are purified and probed with the fluorescent phenylalkylamine DMBodipy-PAA. However, the IC50 value (see Table 1 ) was much higher than for membranebound Ca2+ channels. Different structural components of Tinuvin 770 such as piperidine, sebacic acid, 2,2,6,6-tetramethyl-4-piperidine, 2,2,6,6-tetramethylpiperidine, 2,2,6,6-tetramethyl-4-piperidinol, 4-piperidino-piperidine, or sebacoyl chloride had no effect on phenylalkylamine or benzothiazepine binding to L-type Ca2+ channels at 10 ,uM.
Bis-(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate was 15-30 times less potent than Tinuvin 770 at inhibiting (-)-[3H]desmethoxyverapamil binding to membrane-bound Ca2+ channels from rabbit skeletal muscle, but bis-(2,2,6,6-tetramethyl-4-piperidyl) succinate (Tinuvin 780) had IC50 values >100 ,uM (data not shown).
Interaction of Tinuvin 770 with the 1,4-Dihydropyridine Sites of L-Type Ca2+ Channels. In contrast to the benzothiazepine and phenylalkylamine sites of L-type Ca2+ channels, the 1,4-dihydropyridine-selective domain was virtually insensitive toward Tinuvin 770 (up to 10 ,uM) at 25°or 37°C when L-type Ca2+ channels in porcine heart or rabbit skeletal muscle and guinea pig brain or heart membranes were probed with (+)-[3H]nitrendipine (data not shown) or (+)-[3H]isradipine (Fig. 3A) . Under these conditions (+)-tetrandrine (see Fig. 3B ) or (+)-cis-diltiazem exerted strong positive heterotropic allosteric effects (1, 2) . As our data indicated that Tinuvin 770 decreased the affinity of the Table 1 ) with no change in the maximum stimulation. The binding of the fluorescent 1,4-dihydropyridine (-)-DMBodipy-DHP was also stimulated by (+)-tetrandrine but was surprisingly inhibited by Tinuvin 770. To clarify the mechanism we performed a detailed kinetic analysis exploiting the high data point-sampling rate (see Table 2 Tinuviq 770 has a similar potency as the therapeutically used benzothiazepine (+)-cis-diltiazem. In addition, Tinuvin 770 displays the pharmacological activity ofa Ca2+-entry blocker because it diminishes the phasic contraction of rat portal vein (IC50 = 0.6 ,uM) and blocks K+-induced contraction of rat aorta (IC50 = 10 uM; R. Winquist and A. Wallace, personal communication). Our kinetic and equilibrium binding experiments with (+)-[3H]-cis-diltiazem could not distinguish this drug from a simple competitor as is (+)-tetrandrine. As a working hypothesis we therefore propose that this compound binds to the benzothiazepine domain that is oriented to the extracellular face of the al subunit (18) as is the 1,4-dihydropyridine-binding region (19) (20) (21) . In contrast to (+)-tetrandrine or (+)-cis-diltiazem (1, 12) , Tinuvin 770 does not stimulate the binding of radiolabeled 1,4-dihydropyridines when Ca2+ channels are membrane-bound.
However, Tinuvin 770 was a potent inhibitor of positive heterotropic allosteric effects of (+)-tetrandrine on The allosterically acting stimulators can increase the affinity for Ca2+-channel-bound Ca2+, which, in turn, stabilizes the a, subunit in a high-affinity conformation for 1,4-dihydropyridines or phenylalkylamines (12, 15 interaction with the channel. This hypothesis may explain the higher IC50 value in the electrophysiological experiments compared to the 45Ca2+-uptake studies.
Tinuvin 770 is a very unusual symmetrical L-type Ca2+-channel ligand that shows no structural relationship to any other group of Ca2+-channel blockers but shares, on the basis of radioligand-binding experiments, some properties of (+)-tetrandrine, (+)-cis-diltiazem, or (+)-BM 20.1140. We have not performed a detailed structure-activity relationship investigation for Tinuvin 770 analogues. From our limited data it is apparent, however, that the distance between the two ring systems is more important for L-type Ca2+-channel activity in comparison to, e.g., the substitution at ring nitrogens. It is surprising that the pharmacological activity of this light stabilizer remained undiscovered for so many years. Undoubtedly other laboratories must have made similar observations as we did, and our contribution may help to explain bizarre or unexpected results.
Note Added in Proof. After completion of our work we learned that material, indistinguishable from the effects of 2 ,uM Tinuvin 770 on oocyte-expressed a3 4 nicotinic acetylcholine receptors, was eluted from plastic syringes (22) .
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